The occurrence of fungi in drinking water systems has received increased attention over recent decades and fungi are now generally accepted as drinking water system contaminants. However, fungal contamination of bottled water has received little attention. Forty unopened bottled water samples, of different trademarks, were collected from various localities in Jeddah city, Saudi Arabia and analyzed for fungal contamination: (1) immediately after opening the bottles; and (2) after closing and storing them for 180 and 365 days. The fungal species were identified under a compound microscope followed by molecular sequencing. At least one fungal species were found in 58% of the bottles. In total, 18 fungal species belonging to 11 fungal genera were identified. Rhizopus nigricans and seven different species of Aspergillus were found to frequently contaminate the bottled water samples. Penicillium sp. were found in one sample. The 180 days storage of opened and reclosed bottles did not substantially affect the abundance of fungi or the species found. Some of the fungi identified may be pathogenic and the contamination of fungi in bottled water should be considered during the processing of water.
INTRODUCTION
Fungi are ubiquitous in nature and are able to survive and grow in water sources, including drinking water. Fungi were observed to survive through the drinking water disinfection process in the 1980s (Niemi et al. ) . years. These species were Aspergillus fumigatus, A. versicolor, Aureobasidium pullulans, Debaryomyces hansenii, Exophiala spinifera, Penicillium chrysogenum, P. glabrum, Talaromyces rugulosus, Trichoderma longibrachiatum, and Filobasidium magnum. In addition they report three genera, namely Cladosporium, Fusarium and
Paecilomyces.
We aim to fill the knowledge gap in fungal contamination of bottled waters and analyze the occurrence and diversity of fungi as contaminants in waters. Purity of water is especially important in places where people drink mainly bottled water, for instance, in Saudi Arabia where the land is poor in natural water resources. We collected forty bottled waters, of international trade marks, and analyzed them using both classical and molecular techniques. The results give information on the occurrence of potentially harmful pathogenic fungi in bottled drinking water.
MATERIALS AND METHODS
Forty unopened water bottles were randomly collected from different markets in Jeddah, Saudi Arabia in 2012-2013. The origin and the water processing information are provided in Table 1 . Nine of the bottles were described as being ozone treated (ozone) while 31 bottles had no mention of the treatment (no-ozone). The details of the ozone treatments are not known. The t-test was used to study the difference between the ozone and no-ozone treated bottles. The bottles were stored unopened at room temperature (28 ± 2 C) until studied (0 d with the latest diagnoses. In total, 35 fungal isolates were identified either morphologically or using molecular techniques (13 isolates).
For the molecular identification, an aliquot of 2 ml of potato dextrose broth (PDB) was poured into the PDA slants containing well grown fungi and shaken thoroughly.
The PDB containing spores of each fungi were poured individually into flasks containing 100 ml of sterilized PDB. The flasks were incubated at room temperature without shaking for a week. The grown mycelium in the broth culture was collected aseptically by filtration and ground in liquid nitrogen in a sterile mortar to obtain a mycelium powder.
Further, the DNA was extracted from 20 mg of mycelium powder using a cycle-sequencing kit (Applied Biosystems, Darmstadt, Germany). DNA sequences were first aligned with Clustal X 2 for Windows (version 1.3b), which was used to construct a neighbor-joining tree using the Jukes-Cantor model.
RESULTS AND DISCUSSION
Fungal contamination was found in 58% of the bottled water samples; 23 out of 40 bottles were contaminated with fungi. The bottles described as being treated with ozone (ozone, n ¼ 9) did not differ significantly from the non-ozonated bottles (no-ozone, n ¼ 31). Up to three species were identified in both treatment groups ( Table 2 ). The mean CFU was lower, although not significantly (t-test), in the ozone bottles (0.5 ± 5.7 CFU in 100 ml, mean ± SD) than in the no-ozone bottles (2.6 ± 5.7). The variation was high and the counts started from 0 CFU in both groups. The maximum CFU counted was lower (3.5) in the ozone group than in the non-ozone group (20). The ozone bottles were less frequently (44%) contaminated than the no-ozone bottles (61%). It seems possible that the ozone treatments used had reduced fungal contamination. An ozone treatment has been observed to be the most effective treatment against fungi in general (Hageskal et al. ). However, the efficiency of the treatment has depended on the dose of ozone used (Hageskal et al. ) . We had no information on the ozone dose used in our bottles and thus, we cannot verify its effect reliably. The susceptibility of species to ozone treatment varied a lot in the study of Hageskal et al.
(), who also found different species to those we did. In summary, there was an indication that the ozone treatment may reduce fungal contamination in bottled waters.
However, this conclusion is highly speculative because more detailed information on the treatments used as well as a more balanced study design would have been needed in order to confirm this.
The total CFUs observed were relatively low. Up to 20 CFU were detected in 100 ml water (Table 3) The authors conclude that the tap water samples had a clearly lower fungal count and contamination frequency because bottled waters are mostly unique natural products that cannot be treated, nor can any exogenous elements be added to them. As a summary, the variation in fungal contamination can be assessed to be high throughout the world. Number of bottles 9 31
Number of species 1-3 1 -3 CFU mean in 100 ml (mean, SD) 0.5 (5.7) 2.6 (5.7)
CFU min -CFU max 0-3.5 0-20
Contaminated bottles (number, %) 4 (44%) 19 (61%) ). Compared to that result, we identified a large variety of species in our sampling. This may be first of all explained with the techniques developed to identify the species.
Rhizopus nigricans was the most frequently found species occurring in 14 samples, which is 61% of the contaminated samples. The total counts of R. nigricans, however, were relatively low, a maximum of 0.5 CFU in 100 ml. The highest total counts, over 10 CFU in 100 ml, were observed for In addition, many of these studies have reported the genus Penicillium to occur in drinking water samples. We observed it only in one sample. As a summary, we observed several species that, however, seemed to occur at low frequencies and are probably mostly non-pathogenic.
Moreover, most of these potentially pathogenic fungi are only pathogenic after inhalation as opposed to ingestion were compared with published sequences at GenBank (Table 4 ). The GenBank accession numbers and the closest relatives of the isolates are listed in Table 4 . The phylogenetic tree was established (Figure 1 ). The detected fungal strains Five samples were selected to study the effect of storage on the growth of fungi. Two of the samples remained negative for fungal growth during the storage. In one sample, all three species identified at the beginning (0 days) survived for 180 d (Table 5) . However, the fungi were not able to reproduce effectively, most likely due to the lack of nutrients. The 
CONCLUSION
This is one of few studies about fungal contamination in bottled waters. The samples were of international trademarks and bought in Saudi Arabian markets. The diversity of fungi (18 species belonging to 11 fungal genera) occurring in bottled water seems to be relatively high. The species that frequently contaminated bottles were Rhizopus nigricans and seven different species of Aspergillus. Penicillium sp. were found in one sample. Although some species are known as pathogens, most of the species seemed to be non-pathogenic and thus, we conclude that the fungal contamination in bottled water seems to be a low risk to human health.
Harmful health effects seem to be possible, mostly for immunocompromised people. However, the link to health effects is still not fully understood. Because we observed fungal contamination in more than half of the bottled waters studied, the fungi should be taken into account in the bottled water purification processes and in the quality control assessment.
The ozone treatment may reduce fungal contamination in bottled waters. Future studies should focus on the mycotoxins the fungi are producing in water. 
